Introduction
The majority of patients with cancer undergoing chemotherapy require an efficient venous access for several weeks or months. Central venous port (CVP) catheter is widely used in this setting. The incidence of deep venous thrombosis (DVT) and pulmonary embolism (PE) associated with central venous catheter has been reported between 2% and 67% [1] . The cancer population combines nonspecific thromboembolic risk factors (age, malignancy, hypercoagulability, chemotherapy, infections, and bed rest) [2] and specific risk factors such as catheter material, multiple placement attempts, catheter size and length, number of lumens, and catheter tip localization [3] [4] [5] . Catheter-related VTE may be limited to asymptomatic radiological findings but may also lead to significant clinical burden with upper limb postthrombotic syndrome reported in 5 to 28% [6, 7] and respiratory failure in case of pulmonary embolism. Moreover, catheter thrombosis can also lead to catheter occlusion in 14 to 36% and delay chemotherapy [8] .
At least eight randomized controlled trials have evaluated antithrombotic therapy versus placebo in the prevention of central venous catheter-associated thrombosis [9] [10] [11] [12] [13] [14] [15] [16] . A small study found that fixed dose of warfarin 1 mg once daily reduced the incidence of upper extremity DVT at the 90th day of venography [9] . However, two subsequent trials failed to confirm any benefit with this regimen [10, 11] . In two large studies, the administration of a prophylactic dose of low molecular weight heparin (LMWH) during at least 6 weeks after the catheter insertion did not reduce significantly 2 Journal of Oncology the incidence of upper limb DVT compared to placebo [14, 15] . A systematic thromboprophylaxis is therefore not recommended at the time of CVP implantation, and should be considered only for patients with solid tumor and additional risk factors for VTE and low bleeding risk [17] . During the last years, Khorana and colleagues developed and validated a predictive model for chemotherapy-associated thrombosis [18, 19] . This model allows identification of patients at high risk who may benefit from antithrombotic treatment during chemotherapy. To the best of our knowledge, there is no risk score available to evaluate the risk of VTE following CVP insertion and the Khorana score has not been validated in this setting. The purpose of this study was to evaluate the incidence of VTE closely associated with the insertion and use of CVP catheters and to identify high-risk patients amenable to benefit from a short course of thromboprophylaxis after CVP implantation.
Patients and Method

Patient Inclusion.
From February 2006 to December 2011, all consecutive adult patients suffering from cancer and who were implanted with a CVP in the Surgery Department of the Cantonal Hospital, Fribourg, Switzerland (Tertiary Care Center) were screened for inclusion in this prospective cohort. We included only patients older than 18 years with first CVP implantation. All included patients were then followed up by the department of medical oncology. The study received approval from the institutional ethic committee.
Surgical Implantation
Procedure. Implantation was performed under local anaesthesia in the operating room by dedicated surgeons. The operator always attempted to find the cephalic-subclavian junction at the right upper limb and to place a J-curved 0.035 inch guide wire in the superior cava vein. The catheter tip was then placed at the level of the thoracic rib, under fluoroscopy guidance. The chamber was then placed in the pectoral region by tunelisation from the same skin incision. When the cephalic vein was not accessible, the catheter was implanted in the subclavian vein by direct punction. There was no routine sonography or phlebography of the subclavian vein prior to the intervention except in case of known previous DVT, previous central line use or failure to pass the guide wire in a previous attempt. During the study period, the same senior vascular surgeon was in charge of the dedicated CVP surgery team. There was no ultrasound guidance during implantation. The first chemotherapy infusion was allowed at the same day of the CVP implantation. There was no systematic antithrombotic therapy administration at the time of CVP insertion.
Patient
Follow-Up. Patients were regularly followed up clinically during chemotherapy treatment and then every 6 months after chemotherapy completion until complete remission, death of any cause, or loss of follow-up. Patients whose CVP catheter has been removed for lack of use were followed up until 6 weeks after removal. At each visit, the subjects were questioned about any local pain or upper limb swelling at the CVP side. Any other symptom suggesting upper or lower limb DVT or any thoracic symptom suggesting a PE was further investigated by compression venous sonography of the limbs or thoracic CT scan. During followup, patient with symptomatic anaemia received blood transfusion. Erythropoietin agent was not used in our institution. Granulocyte-colony stimulation factor administration was allowed to reduce the length of neutropenia.
Definition and Assessment of Outcome.
The main outcome was the 3-month incidence of catheter-related VTE, defined as occlusive DVT in the arm along the catheter, with or without PE, or isolated PE of unknown origin. The secondary outcomes were the 12-month incidence of catheterrelated VTE and the 3-and 12-month incidence of any VTE related or not to the catheter, including DVT of the leg, DVT of the other arm and visceral DVT. Asymptomatic DVT or PE observed on CT scan performed for tumoral staging was classified as asymptomatic event. Catheter dysfunctions were investigated by US-Doppler or phlebography. Catheter dysfunction and small, nonoccluding thrombosis along the catheter were not considered as event. Complete occlusion of the vein along the catheter was considered as asymptomatic event if it was not associated with local symptoms.
Khorana Score.
The Khorana score is a validated tool for estimation of VTE during chemotherapy [18] . The Khorana predictive score assigns 2 points to very high-risk cancer sites (pancreatic, gastric, brain) and 1 point to high risk cancer sites (lung, ovarian, renal, or bladder). In addition, 1 point is assigned for each of the following: platelet count ≥ 350 × 10 9 /L, hemoglobin < 10 g/dL, or use of erythropoietinstimulating agents, leukocyte count ≥ 11 × 10 9 /L, and body mass index ≥ 35 kg/m 2 . Patients with Khorana score ≥ 3 are considered at high risk for VTE.
Statistical Analysis.
Incidences of event were expressed as proportions with 95% confidence intervals, calculated by binomial Wilson test. Proportions of event were compared using Chi 2 test, and continuous variables were compared by the Mann-Whitney rank sum test according to the normality of their distribution. Statistical significance was considered for < 0.05. The contribution of clinical characteristics (age, sex, weight, body mass index, previous VTE, respiratory failure, renal failure, antithrombotic treatment, cancer location, metastatic stage, low performance status, class of chemotherapy agent, major surgery close to CVP implantation or during follow-up, side of CVP implantation, baseline laboratory values, and Khorana score) to asymptomatic and symptomatic VTE was analysed using multivariable logistic regression analysis. Factors were first analyzed individually in univariate analysis and then selected for multivariable analysis based on a value < 0.2 or known confounding effect. The statistical analysis was performed using Stata 9.0 (Statacorp, College Station, Texas, USA). 
Results
3.1.
Patients. Throughout the 6-year study period, 1243 consecutive patients were candidates for a CVP implantation in our institution and were screened for inclusion. We included 1074 patients with CVP placement at first attempt and 23 patients with failure at first attempt but success at second attempt. We excluded 146 patients (15 patients for previous CVP placement, 129 patients for choice for another intravenous access after CVP placement failure, and 2 patients for failure to place CVP at first and second attempt). The clinical characteristics of the 1097 patients included are shown in Table 1 . The most frequent cancers were lung (21.1%), colorectal (18.6%), and oesogastric (13.3%). Table 2 shows the incidence of VTE at 3 and 12 months. The incidence of CVPassociated VTE was 5.9% of patients (IC95 4.4-7.3%) at 3 months and 11.3% (IC95 9.4-13.2%) at 12 months. The incidence of VTE at any location was 7.6% of patients (IC95 6.0-9.3%) at 3 months and 15.3% (IC95 13.1-17.6%) at 12 months. Table 3 ). Advanced stage with distant metastases was only borderline significant in the univariate analysis but fell in the multivariable regression. Previous VTE, high BMI, age > 70, and platinum-based regimen were not associated with VTE at 3 months in this cohort. The delay between CVP implantation and chemotherapy infusion was analysed. Most patients had chemotherapy close to the CVP implantation (31% of patients had chemotherapy before CVP implantation, 14.7% of patients had chemotherapy 0 to 3 days after CVP implantation, 20.6% of patients had chemotherapy 4 to 8 days after implantation, and 33.7% of patients > 8 days later). Compared to the 3 other groups, the group of patients receiving chemotherapy within days 0 to 8 after CVP implantation had no additional risk of CVP-related VTE at 3 months (OR 1.00, 0.67 to 1.57, and = 0.98).
Venous Thromboembolic Events.
Incidence of VTE in
High-Risk Subgroups. The incidence of VTE was particularly high in the 3 subpopulations identified. Among the 102 patients (9.3%) with a baseline Khorana score ≥ 3, 18.6% (CI95 10.9 to 26.4) had a VTE during the first 3 months of follow-up. This incidence was 10.8% (CI95 6.8 to 14.8) among the 232 patients (21.1%) with lung cancer and 10.9% (CI95 7.7 to 14.1) among the 367 patients (33.5%) with metastatic cancer at the time of CVP insertion.
Predictors of VTE at 12
Months. The cumulative incidence of VTE is shown in Figure 1 . The steeper part of the slope is observed during the first 3 months after catheter implantation. However, additional events continue to be observed up to the end of follow-up. Multivariable regression analysis identified the same predictors of VTE at 12 months than at 3 months. Khorana score ≥ 3 (OR 2.67, CI95 1.49 to 4.78, and = 0.001) and lung cancer (OR 1.93, CI95 1.15 to 3.25, = 0.01) were significantly associated with VTE (from any origin) during the 12-month study period. Bevacizumab and platinol based regimen were both borderline significant predictors of 12-month VTE events (Table 3) . 
Discussion
This large cohort study, designed to evaluate the incidence of VTE closely related to central venous Port catheter implantation, shows that 7.6% of the patients will develop DVT or PE during the first 3 months after catheter implantation. This finding confirms the important burden linked to the IV management of chemotherapy and the importance to develop efficient preventive antithrombotic strategies. This study also validates high Khorana score and lung cancer as significant predictors of VTE during the whole study period. Despite several trials, evaluating different drug regimens to prevent chemotherapy-associated VTE, no clear benefit emerged from any specific regimen up to now [20] . One limitation of thromboprophylaxis trials is due to the fact that the benefit from antithrombotic treatment can be overwhelmed by the bleeding risk occuring during chemotherapy. The other difficulty is to identify patients at risk as well as the period at risk. Efforts have been made to identify those patients who will benefit most from thromboprophylaxis. The current practice now is to consider prophylactic antithrombotic treatment for patients with solid tumor and an additional risk factor for VTE, such as previous VTE, immobilization, and specific anticancer therapy (thalidomide or lenalidomide in association with dexamethasone) [17, 21] .
Limiting thromboprophylaxis on a high-risk period could increase efficiency and reduce the bleeding risk inherent to prolonged antithrombotic treatment. The period of CVP implantation concentrates major risk factors for VTE (surgery, intravenous foreign material, upper limb immobilization, untreated cancer, and repeated chemotherapy infusions). Our study investigated specifically this period and confirmed the high incidence of VTE close to the CVP insertion and its key role in the pathogenesis of cancer-related VTE. Our study also identified 2-patient categories prone to develop VTE in 10 to 20% at 3 months and who will certainly benefit from thromboprophylaxis, at the time of CVP implantation. Interestingly, identification of these patients based on simple clinical data (lung cancer) or a widely used score based on the type of tumor, BMI, and prechemotherapy laboratory values allows easy identification of patients who could benefit from thromboprophylaxis.
In their observational study of 815 CVP implantations, Narducci et al. found that the factor most strongly predictive of complications was a delay shorter than 8 days between CVP implantation and first use [22] . These complications were mostly nonthrombotic (local of systemic infection, port expulsion, catheter dysfunction, or migration). We analyzed the delay between implantation and use in our study and found that a delay > 8 days did not reduce the 3-month VTE incidence.
One limitation of our study is that the definition of the primary outcome did not include death due to probable or possible VTE. At the time of the study design, we were concerned about being unable to exclude formally PE as the cause of death, especially in the setting of palliative care. However, we consider that the conclusions of our study are rather conservative since adding deaths for VTE origin could increase the incidence of VTE related to CVP insertion. Another limitation of our study is the lack of ultrasound guidance during CVP placement. Ultrasound guidance has shown to reduce the risk of infectious and thrombotic complications in all percutaneous venous procedures. Its role in the identification of the vein during open surgery is less clear. We think that this was probably compensated by the high experience of our surgeons. Our institution has a surgical team dedicated to CVP placement and during the study period (2006 to 2011) the same senior vascular surgeon was in charge of the team. They always tried to identify the cephalic vein for puncture. The subclavian vein was punctured only when cephalic vein was not found. In these cases, the subclavian vein was directly observed and ultrasound would not bring further security.
In conclusion, this large cohort study of consecutive patients with first CVP catheter implantation confirms the high incidence of thrombotic events closely associated with the CVP intervention. It confirms Khorana score and lung cancer as strong predictors of catheter related VTE and VTE of any origin at 3 and 12 months. These findings will allow the definition of a risk population in order to assess the best thromboprophylaxis in a randomised trial. Otherwise, we may question whether it is still reasonable to delay efficient thromboprophylaxis for these patient populations.
